Deep Basin Gas is short for deep basin gas accumulation. It is an abnormal gas accumulation whose formation conditions, trapping mechanism and distribution are different from those of normal gas accumulations. Deep basin gas accumulation is characterized by gentle dip angles, subnormal pressure, gaswater inversion and co-occurrence of reservoir and source rock. The fundamental conditions favourable to the formation of deep basin gas accumulation include a plentiful gas source, tight reservoir and tight seal under the reservoir.
acceleration of gravity and density of gas, respectively; T and R are, respectively, subsurface temperature of gas and gas constant; L represents the lateral distance from the depth of boundary force balance to the maximum depth of the depression centre.
When the thickness of the reservoir(H s ), grain size of sandstone(D), porosity([ ),and dip of strata(a ) increase and maximum burial depth of reservoir(Z m ) decreases, the likely distribution range of deep basin gas will shrink.
In this paper, based on the mechanism of material balance, the equation calculating the distribution range of a deep basin gas pool in actual geological settings is
L=f(l r , H n , KTI, R o , C%, SR, Z m , X k , t)
It is shown that, in actual geological settings, the distribution range of deep basin gas accumulation will expand with better source conditions (or with an increase of thickness of source rock (H n ), abundance of organic matter(C%), kerogen type(KTI) and thermal evolution degree (R o )) and with increase of burial rate (SR), burial depth(Z m ) and salinity of formation water, but will shrink with increases of age of the reservoir(t), temperature(T), porosity([ ), permeability (K) and dip of strata().
In the Xiaocaohu region and Well Taican 2 region of the Taibei sag in the Turpan-Hami Basin, stable structural settings, well-developed gas source, tight reservoir and feasible cover are favourable to form a deep basin gas reservoir. Drilling shows that there exist deep basin gas accumulations in Well Taican 2 region and Xiaocaohu sub-sag. For the gas layers drilled in the Jurassic Badaowan formation (J 1 b) and Xishanyao formation (J 2 x), there is subnormal pressure generally. The reservoirs outside the gas-bearing range in Hongtai and Gedatai gas field are tight and are interpreted as gas layers by logging and produce gas without water, and so belong to one part of a deep basin gas reservoir. Specially processed seismic data shows that there exists a large amount of natural gas in J 1 b and J 2 x of Well Taican 2 region. From the principles of force balance and material balance it is predicted in this paper that the distribution ranges of deep basin gas reservoir in J 1 b and J 2 x of Xiaocaohu subsag are 600km 2 and 750km 2 , respectively, and the total reserves of natural gas should reach 11.3x1011m 3 .
The Turpan-Hami Basin, located in northwest China, is of Mesozoic and Cenozoic age, and is a continental coal-bearing intermountain basin. Recently significant amounts of oil accumulations have been found in the Jurassic layer, and are thought be coal-derived oils, generated chiefly from coal-bearing layers of the Jurassic Badaowan formation (J 1 b) and Xishanyao formation (J 2 x) (Wu, 1996; 1997; Cheng, 1994; Huang, etc., 1995) . Coal is a typical humic organic matter and, although it contains macerals of exinite etc. that generate oil, it mainly generates gas. The large oil accumulation that is found in the basin (in which the source rocks generate gas primarily) indicates that natural gas exploration has a wide realm and high prospectivity. We have studied the formation mechanisms of the natural gas reservoirs that have been found. The pressure and attitude features of the formation are different from those of a normal gas reservoir, and are the same as those of deep basin gas reservoirs reported by others (McMaster, 1983; Gant, 1983; Masters, 1993; Welte, et al, 1984; Gies, 1988; Masters, 1988 ; Yuan and Xu, etc, 1996; Rong, 1993; Li 1 et al., 1997; Jin et al,1998 2 , Jin and Zhang 1999; Chen, 1998; Dai, 1983; Min et al., 1996; . The conditions of accumulation are analyzed and evaluated with deep basin gas accumulation theory, based on which the potential distribution range of deep basin gas is predicted.
1.DISTRIBUTION FEATURES, ACCUMULATION CONDITIONS AND BASIC MODEL OF DEEP BASIN GAS. 1.1 Distribution features

Model feature
Deep basin gas accumulation is distributed mainly in the deep sag of a basin or slope. Based on the distribution features of deep basin gas reservoirs that have already been discovered, we can divide the reservoirs into three types (see detailed features in Fig.1 ):
A. Symmetrical distribution model in deep sag centre of basin, B. Slope distribution model in deep sag flank of basin, C. Asymmetrical distribution model in deep sag centre of basin.
Component features of a deep basin gas
The component features of a deep basin gas are the same as those of normal gas. The major components are methane, CO 2 and N 2 . The content of combustible gas is more than 95%,with the content of methane being the highest. Source rocks of discovered deep basin gas accumulations have organic matter mainly of type III or coal, so d 13 C of the gas is high (>-29 0/00). Theoretically, cracking gas that is generated by type III organic matter is also an important source of deep basin gas, and its d 13 C value is relatively low. When we discuss the component features of deep basin gas, it is necessary to consider the type of organic matter. The results of component analysis of typical deep basin gas in the Elmworth Wapiti district of the Alberta basin in Canada show that the content of methane is between 78.63% and 98.55%. The content of CO 2 is relatively low, generally between 0.135% and 3.68%, and the average value is about 0.65%. Because the methane content is high, the specific density of the deep basin gas is low, between 0.602 and 1.09, and averages 0.65.
Features of the pressure field
The pressure field of deep basin gas accumulation is different from that of normal gas accumulation. The former is lower than hydrostatic pressure, but the latter is higher than hydrostatic pressure. Fig.2 shows the comparison of pressure field feature among several known deep basin gas accumulations. The reason that the pressure of deep basin gas accumulation is lower than hydrostatic pressure is that gas trapped in the reservoir prevents the overlying pore water pressure system from coming into contact with the underlying water pressure system and, in such a case, the pressure of a point in a deep basin gas accumulation is equal to the total value of hydrostatic pressure above the water-gas contact plus the gas pressure from this point to the point of testing pressure in gas reservoir. For gas pressure that is far lower than water pressure (because of the density difference between water and gas), the pressure of every point in a deep basin gas accumulation is lower than the corresponding water pressure.
According to the measured gas reservoir pressure of a point (such as point a in Fig.3 ) in deep basin gas, the gas column above this point (H ga ) can be calculated, then the lateral distribution range (L) of the gas reservoir can be determined on the basis of information of the burial depth (Z a ) of the gas-water contact (point b).
The pressure at any point (x) in the gas reservoir is:
The hydrostatic pressure at any point (x) in the gas reservoir is:
The pressure at point a in a gas reservoir is:
ENERGY EXPLORATION & EXPLOITATION · Volume 20 · Numbers 2 & 3 · 2002 257
Figure 3 Prediction of distribution range of deep basin gas accumulations according to pool pressure tested From formulas (1) and (2) the relation of pressure and hydrostatic pressure at any point in gas reservoir is obtained as:
The calculation formula of gas column height above point (a) is obtained from formula (3) as:
where the meaning of each symbol from formula (1) to (5) is: P gx , P ga and P gb denote the gas pressure on any point, point a and point b in gas reservoir, respectively; P wx , P wa and P wb represent the hydrostatic pressure at any point (x),and at points a and b in the gas layer, respectively; H ga and H gx are the gas column height at point a and at any point (x) in the gas reservoir, respectively; Z a and Z b are the burial depth at point a and point b in the gas reservoir, respectively; r g andr w are the densities of natural gas and formation water, respectively; and K pa (<1) is the test pressure coefficient at point a.
Attitude features
Attitude of deep basin gas accumulation refers to burial depth, the positions of water and gas and their range of contact, and dip of gas -bearing beds.
Range of burial depth
The observed deep basin gas accumulations provide a direct impression that this kind of accumulation is very deep. In fact, deep burial depth is not an essential feature of a deep basin gas accumulation. Based on statistics of seven deep basin gas accumulations that are known outside and inside China, the burial depth of the top of reservoir is between 450m and 1800m, average 1290m, and bottom burial depth is between 750m and 4200m, average 2160m. Statistics of burial depth of 5675 normal gas accumulations in the world shows that their burial depths are mainly between 400m and 6600m, average about 3500m. The average statistical burial depth of deep basin gas accumulations is smaller than that of normal gas accumulations, suggesting that deep basin gas accumulations are distributed only in the centre of a deep sag or a basin, where there are gas accumulation conditions. Thus, the burial depth of deep basin gas accumulation does not need to be larger than a critical depth.
Gas-water inversion
In a normal gas accumulation, gas is trapped under an impermeable seal. Water beneath a gas accumulation is called bottom water, and that around the accumulation is called edge water (Fig. 1) . In contrast to the normal gas accumulations, in deep basin gas accumulations, gas and water are inverted, gas concentrates at the bottom of a basin or above an impermeable formation (source rock) at a deep depression and upper gas is directly in contact with water resulting in the phenomena that gas lies downdip from water, so water seals gas (Fig. 1 ).
Boundary shape of gas-bearing area
The boundary shape of a gas-saturated area in a deep basin gas accumulation is not controlled by structural contours, but by pore throat radius of the reservoir, burial depth, and dip of reservoir. Horizontally, the shape of a gas-bearing area of deep basin gas accumulation is irregular. Fig. 4 shows an example.
Gentle dip of gas-bearing beds
In deep basin gas accumulations discovered outside and inside China, the dip of gasbearing beds is gentle, and is generally less than 15º. Fig. 5 shows several examples. If the reservoir dip is large, the buoyancy of deep basin gas will be large, so that it is easy to dissipate the deep basin gas and thus it is not likely to be preserved.
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Figure 5 Occurrence features of gas-saturated formation of several deep basin gas accumulations When a source rock containing mature organic matter is buried deeply, it enters the phase of generation and expulsion of large amounts of gas, which can provide for deep basin gas accumulation. Source rock organic matter of deep basin gas accumulations discovered outside and inside China are at the stage of cracking at high temperature and generating large amount of gas. Type III organic matter, especially coal-bearing source rock, is different from Type II organic matter because the amount of gas that is generated and expelled from Type III kerogen is far more than the amount of fluid hydrocarbons, and the gas is mainly expelled in free phase, so providing favourable conditions to displace pore water in a reservoir to form deep basin gas. Formation and preservation of deep basin gas accumulations is a dynamic equilibrium process between supply and dissipation of gas. Only when gas is continually pumped into a deep basin gas accumulation from a source rock can it compensate for the escaping gas and so maintain the dynamic equilibrium.
Widely distributed reservoir beds with low porosity and permeability
A widely distributed reservoir bed is one of the fundamental conditions for forming deep basin gas accumulations. Only when a reservoir bed is distributed over a large area can gas drive pore water upwards to the shallow part after being pumped into the reservoir. If a lenticular reservoir is surrounded by an impermeable formation, natural gas pumped into the reservoir can hardly displace pore water, and so is not favourable to form deep basin gas.
A tight reservoir bed, whose porosity and permeability are very low, is a prerequisite for accumulating deep basin gas. Statistically, the reservoir porosity for forming a deep basin gas reservoir is less than 10%, and the permeability is less than 0.1md. Under these conditions, gas expelled into a reservoir from a source rock will drive pore water over large scale. Once free gas occupies the pores of a tight reservoir, waters displaced by gas are held back by the strong forces of volume expansion and capillary pressure, so it is hard for water to return to the pores. Low porosity and permeability, and small pore throat radius, are favourable to produce strong capillary pressure that, when combined with hydrostatic pressure, can prevent deep basin gas from escaping upwards.
Seal indispensability, and lower seal more important than upper seal
A seal is one of the indispensable conditions to form deep basin gas accumulations. Seals of deep basin gas accumulations are different than those of normal gas accumulations, and are described as follows:
A. Seal of a normal gas accumulation is at the top of a reservoir and prevents escape of gas from continual migration upwards under buoyancy, whereas a seal or impermeable formation at the bottom of the reservoir of a deep basin gas accumulation prevents hydrostatic pressure from destroying deep basin gas accumulation.
B. Seal developed at the bottom of reservoir is of no use for preserving normal gas accumulation, but is significant for preserving deep basin gas accumulation because the seal decreases the area of gas in contact with water in the accumulation and so lessens the diffusion of gas.
C. The formation of a deep basin gas accumulation requires that the bottom seal is either an impermeable bed below a gas-saturated reservoir, a gas source rock below the reservoir, undercompacted beds below a gas-saturated reservoir, or the base of the basin with a directly overlying reservoir.
D. When the water pressure system below deep basin gas is in contact with the pore water pressure system above the deep basin gas, the deep basin gas accumulation will be destroyed. Such effects arise principally from the formation of faults, volcanic extrusions, diapirism of mud cones and salt domes. A basic model of deep basin gas seal conditions is shown in Fig. 6 , showing that the seal for accumulating of deep basin gas is as indispensable as for a normal gas accumulation.
Structural settings
Stretch basins or basins subsiding stably are favourable for gas accumulation in the deep centre of a depression. In general, deep basin gas accumulation is in the deep depression of a basin or the deep part of the structural slope. A1 -bottom bed sealing gas (impermeable bed+base of basin); A2 -top and bottom beds sealing gas; B1 -bottom bed sealing gas; B2 -bottom and top beds sealing gas
Basic model
Figure 6
Comparison of models and features of deep basin gas accumulations and conventional gas accumulations to form deep basin gas accumulation is the sedimentary model of source rock-reservoir bed-capping bed from bottom to top in a deep basin or deep depression in which the sedimentary centre, subsidence centre and hydrocarbon generation centre are coincident. A geological model is shown in Fig. 7 . Coal beds, rich in organic matter, are the best gas source rock for deep basin gas accumulations. The characters that the thickness of the source rock is large, gas is supplied early, and the gas supply intensity is large, are proved in areas where the sedimentary centre and subsidence centre overlap; they are important indicators that display deep basin gas accumulations are very different from normal gas accumulations.
Gas expelled from the centre of gas generation migrates upwards into a reservoir and, when porosity and permeability of a reservoir are high and pore throat radius is large, the gas migrates upwards into a trap to form a normal gas accumulation under buoyancy forces. If the reservoir has fractures or is destroyed by faults, and the pore water of the reservoir comes in contact with the surface water system, the gas will migrate to the surface or to shallow locations to form normal gas accumulations. A reservoir bed must meet three fundamental conditions for deep basin gas accumulation: firstly, the reservoir bed must be widely distributed and in contact directly with the gas source rock; secondly, the porosity and permeability of reservoir must be low, so that the capillary pressure is high; and thirdly, pores in the reservoir bed should form a closed system, and there are no permeable passages (fractures, uncomformities, faults,…) to provide contact with shallow beds. For the formation of deep basin gas accumulations, the maximum porosity and permeability should be associated with such factors as the dip of the reservoir, burial depth, and intensity and velocity of supplying gas.
After a deep basin gas accumulation is formed, the source rock should provide gas constantly for the reservoir to compensate for gas loss such as diffusion. The reservoir bed should be of low porosity and low permeability, and poorly connected with surrounding rocks so as to maintain the stability and independence of the pressure 262 
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Figure 7
Geological model of forming mechanism of deep basin gas and controlling factors system after gas entrapment. The better the sealing conditions of bottom and top beds, the more favourable it is to form and preserve deep basin gas accumulations. The important factors for determination of deep basin gas accumulations are the cooccurrence of source rock and reservoir bed, subnormal pressure and gas-water inversion. There are also some other helpful characteristics such as relatively large burial depth, tight reservoir bed, gentle dip of gas-bearing bed, more methane in natural gas, large reserves of accumulation, and the presence of normal gas accumulations.
FORMATION OF DEEP BASIN GAS ACCUMULATIONS AND DISTRIBUTION RANGE PREDICTION 2.1 Formation accumulation mechanisms and prediction of distribution range
In the process of forming deep basin gas accumulations, there are two balances: force balance and material balance. If both balances do not exist, deep basin gas accumulations will not be formed and preserved.
Mechanism of force balance
A great deal of gas in free phase is expelled from a source rock to a reservoir. When the gas expelled into a reservoir is compressed, there will be a strong volumetric expansion force that, together with buoyancy, drives the pore water of a reservoir upwards. If the porosity and permeability of the reservoir are both low, and the pore throat radius is small at the water-gas contact surface, a strong capillary pressure will be produced that, together with the overlying hydrostatic pressure, can prevent gas from escaping upwards, and then a deep basin gas accumulation is formed. When the upward forces are equal to the downward forces, the distribution range of deep basin gas accumulation tends to be constant. This mechanism of balance is shown in Fig. 8 .
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Figure 8 Mechanisms of force and material balances, and a geological model controlling gas in the process of deep basin gas accumulation
The overflow point of a deep basin gas trap is maintained by force balance; the trap range theoretically represents the maximum distribution range of a deep basin gas reservoir. Beyond this range, the effect of capillary pressure on natural gas is slight, and gas mainly affected by buoyancy migrates to form a normal gas reservoir. The existence of a force balance boundary can be confirmed by the experiment of injecting gas in a transparent colloidal tube. When the radius of the plastic tube is small and gas is injected from the base after the tube is full of water, gas will drive and displace water as a whole and then be accumulated at the base; when the radius of colloidal tube is larger, gas injected from the base cannot drive water upwards as a whole but can migrate up through water under the action of buoyancy. Experimentally the radius of transparent tube is about 0.33cm, which is the maximum critical radius of the pore throat for gas injected from the base to displace water in bulk.
The relation of each geologic factor, such as the force balance in the process of deep basin gas accumulation, the largest distribution range of deep basin gas reservoir formation, and the accumulation conditions of deep basin gas are shown in Fig. 9 as well as in formulas (6) and (9) . Force balance can be described by P b + P e = P w + P c (6) where P w =hydrostatic pressure (Pa), P c =capillary pressure (Pa), P e =volumetric expansion pressure (Pa), P b =buoyancy (Pa).
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Figure 9
Confining conditions of deep basin gas accumulations and relations of dominant controlling factors
The formulas for calculating the four forces are:
Using the formulas above, we can develop the relationship between distribution range and geological factors as: (11) where C is a constant in relation with gas, S wirr is bound water saturation (%), S m is saturation of one phase(oil) when some phases are mixed (%), H is thickness of reservoir (m), D is grain size (m), L is the lateral distribution range of deep basin gas accumulation (m), M is molar weight of gas (g/mol), z is compaction factor of gas, Z m is the maximum burial depth of reservoir (m), [ is porosity of reservoir (%), a is dip of reservoir (degree), r w is density of water (kg/m3), r g is density of gas (kg/m 3 ), g is gravitational acceleration(m/s 2 ); R is gas constant (usually 8.31433J/mol), and T is subsurface temperature of gas (K).
Mechanism of material balance
In the process of gas displacing pore water, a fraction of gas that is expelled into the reservoir escapes along the water-gas contact surface and cap rock surface. If the amount of gas expelled into the reservoir from the source rock is less than that of the escaping gas, a deep basin gas accumulation will not be formed, or the distribution range of the accumulation will shrink gradually, and eventually disappear. Finally, then, the deep basin gas accumulation would be destroyed. However, if the amount of gas expelled from the source rock into the reservoir is more than that of the escaping gas, the gas displaces pore water upwards to form a gas accumulation and enlarge its lateral distribution range. This case is favourable for the formation and preservation of a deep basin gas accumulation.
The function of material balance in the process of deep basin gas accumulation and the relation of the dominant factors are shown in equation (12) as well as in Fig. 10 
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Q c ed -volume of deep basin gas dissipated from seal; Q r ed -volume of deep basin gas wasted in reservoir; Q r -volume of deep basin gas; Q e -gas volume expulsed from source 
where, Q e (m 3 ) is the amount of gas expelled from the source rock since deep basin gas formation, Q ed c (m 3 ) is the amount of gas escaping from the seal, Q ed r (m 3 ) is the amount of gas escaping through the water-gas contact, Q r (m 3 ) is the amount of gas accumulated in deep basin accumulation, L (m) is the lateral distribution range of deep basin gas accumulation, Ln (m) is the distribution range of source rock, C% is content of organic carbon, H is thickness of reservoir (m), H n is thickness of source rock (m),
KTI is kerogen type index; R o is vitrinite reflectance (%), SR is sedimentary velocity (m/s), Z is burial depth of reservoir (m), t is geological time (s), I is number of carbon atoms, D(Z,I
) means diffusion coefficient of gas composition i at the depth of Z, SRxt means depth of reservoir deposited at the rate of SR for t time, T o is surface temperature (ºC), [ is porosity of reservoir (%), a is dip of reservoir (degree), T k is temperature gradient (ºC /m), X ko is salinity of surface water (g/l), and X k is salinity gradient (g/l·m).
An iterative equation, computing the actual distribution range of deep basin gas accumulation, can be derived from the formulas above as (20) For porosity and permeability of reservoir gradually increasing upwards, the pore throat radius also increases. When the pore throat radius is larger than the maximum critical radius value at which capillary pressure can be produced, gas cannot be sealed in the reservoir. The force balance will not then exist and gas in the reservoir above this threshold will escape. The force balance provides the theoretical maximum distribution range of deep basin gas accumulation. In this range, gas from the source rock can form a deep basin gas accumulation, and the smaller the amount of gas provided by the source rock, the larger will be the distribution range of the accumulation. For larger values, excess gas provided by the source rock will form only normal gas accumulations. Geologically, the actual lateral distribution ranges of gas accumulations are smaller than the range that is computed according to the force balance equations.
Geological factors affecting the lateral distribution range.
On the basis of geological and numerical models constructed on the basis of force and material balances of deep basin gas accumulations, all factors that affect the accumulation are analyzed. Several major geological factors are shown to have an influence on the distribution range of deep basin gas accumulation: grain size, thickness of reservoir, dip of the reservoir, maximum burial depth of reservoir, thickness of source rock, distribution range of the source rock, kerogen type index, content of organic carbon, vitrinite reflectance, and burial time of the reservoir.
According to the force and material balances, we can develop a relation between distribution range of accumulation and major geological factors. Here, computer simulation is used to analyze the relations between major dominant factors and distribution ranges of accumulations.
Grain size
Grain size of gas-bearing beds is inversely proportional to the distribution range of deep basin gas accumulation, i.e. in a reservoir with smaller grain size, a larger size gas pool can form (Fig. 11) . The smaller that the grain size and pore throat radius of reservoir are, the stronger is the capillary pressure produced to prevent gas from escaping and to form an accumulation. As shown in Fig. 11 , when the maximum burial depth of the reservoir is 6000m, thickness of reservoir is 100m, dip of reservoir is 5º, and grain size changes from 1F to 5F then to 10F , the distribution range of deep basin gas accumulation is, respectively, 36000m, 36500m and 46000m. In contrast, the larger the grain size, the smaller is the distribution range of the accumulation. If the grain size of the reservoir is larger than that of the critical maximum needed to produce capillary pressure, deep basin gas will not be accumulated in such a reservoir. 268 
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Figure 11
Relationship between grain size and distribution range of deep basin gas accumulations
Thickness of reservoir
The thickness of a reservoir is in inverse proportion to the distribution range of the gas accumulation, i.e. in thicker reservoir beds, the range of a gas pool is smaller (Fig. 11) . The smaller the thickness of reservoir, the less the amount of water in the reservoir and so the smaller the area of water-gas contact. Therefore, gas can easily displace pore water in a reservoir by gas-charging and gas expansion pressure, and the distribution range of gas will be larger. When the thickness of a reservoir increases and the amount of water in reservoir is greater, the area of water-gas contact is greater, so gas can easily escape at the water-gas contact. When all geological conditions, except for thickness of the reservoir, are the same, and if the amount of gas provided by a source rock and that of gas escaping are constant, the amount of gas accumulated in a reservoir and the reservoir volume occupied by gas are the same. In this case, the larger the thickness of the reservoir, the smaller is the distribution range of the accumulation, otherwise the range is larger. From Fig. 11 , note that when other geological conditions are constant, i.e. Z m =6000m, a = 5º and D=5F , and when the thickness of the reservoir varies from 500m, 100m to 10m, the lateral distribution range of accumulation varies from 31500m, 36500m to 37500m, respectively.
Dip of reservoir
The dip of a reservoir is also in inverse proportion to the distribution range of the accumulation. If the dip of reservoir is small, and the burial depth of water-gas contact is large, the hydrostatic pressure on the water-gas contact is great, so preventing gas from escaping. Moreover, the smaller the dip of the reservoir and the smaller the component along the reservoir in the buoyancy direction, the harder it is for gas to escape, but the better it is for gas to be accumulated. The boundary of the gas pool will expand, and its distribution range will be enlarged. The results of simulations in Fig.  11 indicate that if Z m =6000m, D=5F , H=100m, and a varies from 7º through 5º to 3º, the lateral distribution range of deep basin gas accumulations varies from 28000m to 36500m then to 60000m, respectively.
Maximum burial depth of a reservoir
The maximum burial depth of a reservoir is in direct proportion to the distribution range of the accumulation. With a larger maximum burial depth of the reservoir, the porosity of the reservoir decreases, and the pore throat radius of the reservoir also decreases. Capillary pressure and hydrostatic pressure on the water-gas contact then increase, preventing gas from escaping. Therefore, more gas provided by a source rock can be entrapped in the reservoir and the lateral distribution range of the accumulation will be enlarged. Fig. 12 shows the results of such a simulation, indicating that the distribution range of a deep basin gas accumulation increases with increasing maximum burial depth of the reservoir. With H=100m, a =10º, D=0.0039mm, and Z m varying from 2000m through 4000m to 6000m, the distribution range of a deep basin gas accumulation varies from 3000m to 11500m then to 18000m, respectively, and when H=500m and the burial depth of the reservoir is less than 1800m, deep basin gas accumulations cannot be formed.
Distribution range of source rock
The actual distribution range of a deep basin gas accumulation is in direct proportion to the range of the source rock. When the distribution range of the source rock increases with the thickness of source rock kept constant, the volume of source rock and the amount of gas generated increase, more gas generated by the source rock can then be efficiently expelled into the reservoir. In such a situation, the volume of gas accumulated increases and the distribution range expands (see Fig.13 ).
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Figure 12
Relationship between the maximum burial depth of a reservoir and distribution range of deep basin gas accumulations Figure 13 Relationship between distribution range of source rock and distribution range of deep basin gas accumulation
Burial time of reservoir
The actual distribution range of a deep basin gas accumulation is in inverse proportion to the burial time of reservoir. Because the deep basin gas accumulation is accompanied by continuing gas accumulation, there is continual diffusion of gas at the water-gas contact and the seal surfaces. If the burial time is long, without a gas supply, and the amount of gas escaping increases, then, the amount of gas escaping is larger than that of gas provided by source rock, so that the material balance in the accumulation will be destroyed, the position of the water-gas contact will change, and then the amount of gas accumulated will decrease. The distribution range of the accumulation then shrinks. Fig. 14 records the result of a real case showing that after escaping for a period of 120Ma, a deep basin gas accumulation (whose original distribution range was 12000m) has a range of only 4000m (1 3 of its original range), and after escaping for a period of 200Ma it has a range of only 2500m (about 16% the original range).
Hydrocarbon generation conditions
The distribution range of the accumulation expands with more favourable generation conditions of hydrocarbons. These conditions include content of organic matter (C%), type of organic matter (Kerogen Type Index or KTI) and evolution degree as measured by vitrinite reflectance (R o %). Increase of C%, KTI and R o will result in more gas generation and be favourable for accumulation of deep basin gas. But if the deep basin trap is filled, favourable hydrocarbon generation conditions do not continue the expansion of the distribution range of deep basin gas pool but facilitate the accumulation of normal gas. The simulation results of a real case are shown in Fig. 15 .
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Figure 14
Relationship between burial time of reservoir and distribution range of deep basin gas accumulation
PREDICTED DISTRIBUTION RANGE AND RESERVE ASSESSMENT, LOWER AND MIDDLE JURASSIC OF TAIBEI SAG, TURPAN-HAMI BASIN
The Turpan-Hami Basin, a continental facies, coal-bearing, intermontane basin of Mesozoic and Cenozoic age, is located in northwest China (Fig. 16 ). The study here shows that the geological conditions (source rock, reservoir, and seal in lower and middle Jurassic of the Taibei sag in Turpan-Hami Basin) are favourable for the formation of a deep basin gas accumulation. Both drilling and specially processed seismic data have proved that there exists a deep basin gas accumulation in the middle-272
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Figure 15
Quantity relationship between distribution range and hydrocarbon generation conditions Figure 16 Geographic map of Turpan-Hami Basin lower Jurassic layers in the Xiaocaohu region and the Well Taican 2 region of the Taibei sag in the Turpan-Hami Basin. Their lateral distribution ranges are predicted with force and material balance principles, and the geologic reserves are evaluated.
Geologic conditions of the Jurassic deep basin gas reservoir formation
Structural and stratigraphic features
The Taibei sag, with an area of about 14800 km 2 , is one of the structural units of the northern depression in the Turpan-Hami Basin. In the Taibei sag, the maximum burial depth of the middle Jurassic is about 4000m and that of the lower Jurassic about 5500m. The Jurassic is the best sedimentary capping bed in the Taibei sag, which consists mainly of clastic rocks of river and lake facies, together with coal-bearing formations of swamp facies, with a total thickness up to 4000m. From the base to top, there are the Badaowan and Sangonghes formations in the lower Jurassic; Xishanyao, Sanjianfang and Qiketai formations in the middle Jurassic; and the Qigu and Kalaza formations in the upper Jurassic. The lower Jurassic, combined with the Xishanyao formation in the middle Jurassic, is named the Shuixigou group and is the chief source rock in the basin. In addition, the Triassic and Permian underlying the Jurassic are also well developed and their hydrocarbon generation conditions are better. They may be another suite of good source rocks, but it is difficult to assess them quantitatively because their geologic distribution is not well known at present.
The Turpan-Hami Basin is a foreland basin with a steep northern side and gentle southern side, and underwent intense tectonic movements. The tectonic movement the Jurassic layer suffered in the Taibei sag near the Xiaocaohu region and Well Taican 2 region was slight, and there are only a few faults and relatively gentle strata found in the Jurassic, which is favourable for the formation of a deep basin gas reservoir (Fig.  17) .
Assessment of source rock and distribution and development features
Mudstones and coals of the lower and middle Jurassic in the Taibei sag are assessed based on the oil and gas control theory by hydrocarbon expulsion threshold (Pang, 1995).
Figure 17
Fracture development degree of Xishanyao formation in Taibei sag Figure 18 Quantitative evaluation and features of oil and gas expulsion of mudstone source rocks of the Taibei sag in the Turpan-Hami basin Figure 18 shows that the mudstones of P 2 , T 3 , J 1 and J 2 have entered the oil expulsion window since their deposition, and can produce free gas and fluid hydrocarbons, so they are called oil and gas source rocks. The cumulative intensity of gas expulsion from the
ENERGY EXPLORATION & EXPLOITATION · Volume 20 · Numbers 2 & 3 · 2002 275
Figure 19 Characteristics during oil and gas expulsion of the Lower Jurassic (J 1 ) coal bed in the Taibei sag of the Turpan-Hami basin Jurassic source mudstones during geologic time can reach 1554m 3 /m 2 , and an effective free gas amount of 633m 3 /m 2 can be trapped in a reservoir (excluding the residual natural gas in the surrounding rocks, the gas escaping before an effective cover formed, and the solution gas in water and the diffusion of gas). If the effective gas amounts provided by the Triassic and Permian source rock and the Jurassic coal layer are included, the maximum intensity of deep basin gas accumulated in the study region can reach 3620m 3 /m 2 . Figure 18 shows the relative amount of gas generation and expulsion, and the peak period of the generation and expulsion of mudstones in each source rock. However, these results are based on simulations with data from a single well in the Taibei sag, and are valid only when lateral variation in rock thickness is not significant. Figures 19 and 20 show hydrocarbon generation and expulsion during the burial process of Jurassic coal, as well as the effective gas intensity of cumulative supply and expulsion under present conditions. The ratio of free gas expelled from the coal layer is above 95%, which is greater than that from mudstone (30%), showing that the efficiency is high of hydrocarbon migration and accumulation from the coal layer. There exist two high-value regions for gas intensity of effective supply and expulsion of the coal layer. One is the centre of the Xiaocaohu sub-sag, and the other is the centre of the Taibei sag, showing that the central region and slope belt of the Taibei sag and the Xiaocaohu subsag are favourable for deep basin gas accumulations.
Assessment of seal: distribution and development features
The sediment source in the Turpan-Hami Basin is mainly the south-north direction mountain area, and the alternating development of sandstone, mudstone and coal layers constitutes a favourable assemblage of generation, reservoir and cap rocks in the sedimentary section. In the Taibei sag there are four sets of regional seals. From base to top they are: Sangonghe formation, lower member of Xishanyao formation, 
.1 Drilling result in the Xiaocaohu subsag
Deep basin gas reservoirs were discovered by drilling in Hongtai, Gedatai and Caonan recently, and these reservoirs are distributed in the Xiaocaohu sub-sag and the neighbouring slope strip (Fig. 25) . Tests showed negative pressure (Fig.26) , while the formation pressure of the Qiudong sag, neighbouring to the Xiaocaohu sub-sag, is a positive abnormality, indicating that the variation contributed to the difference of reservoir formation mechanisms. Negative pressure decreases from base to top, that is, from Caonan, Hongtai to Gedatai, reflecting the control of the deep basin gas reservoir formation on the pressure distribution. Fig. 27 is a comprehensive figure of Hongtai 2 oil and gas field. The section shows that gas-bearing layers of the Xishanyao formation in Well Hongtai 2 turn to tight, dry layers in Well Hongtai 203. In fact these layers have been interpreted as gas-bearing layers in logging interpretations, and some layers produce gas without water by fracture testing. In Well Hongtai 203 natural gas (7838m 3 /d) is obtained in formation J 2 x at a depth of 2893~2897m, and the pressure coefficients are less than 1. It is estimated that other similar layers produce gas without water, too, by fracture testing ( Table 1 ). These results illustrate that the gas-water or oil-water interface shown in Fig. 27 is not trustworthy, and the gas-bearing range can extend into the centre of the Xiaocaohu subsag.
Seismic data shows that the J2x layers in
Well Taican 2 are gas-bearing. Fig.28 shows the results of a specially processed seismic profile across Wells Taican 2, Shengshen 3, and Taican 1. The gas-bearing layer can be traced by the abnormal behaviour of Well Taican 2. In this way, the gas-bearing area of the J 1 and J 2 reservoir is determined finally by tracing abnormal segments in every profile, as shown in Fig.  29 and Fig. 30 . Then the advantageous source rock, reservoir and information of test pressure and seismic data were integrated on a single map, obtaining the advantageous zones for deep basin gas exploration (see Fig. 29 and Fig. 30 ).
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Figure 27
Comprehensive figure of Hongtai 2 oil and gas field Notes: In total 176m (19 layers) are interpreted with 15m (2 layers) yielding oil and gas, 18m (2 layers) yield "bad" oil, 102 m (9 layers) yield gas, 41m (6 layers) yield gas shows. The interpreted data for layers 3, 7, 8, 9, 10, 11, 13, 16, and 17 come from gas logs.
Prediction of lateral distribution range for the Xiaocaohu subsag,TurpanHami Basin
Based on the principles of force and material balance, a computer program was developed to identify deep basin gas traps and to predict the lateral distribution range of deep basin gas accumulations. Figs. 31 and 32 show, respectively, the prediction results of the distribution range of deep basin gas pools for the lower Jurassic (J 1 b) and middle Jurassic (J 2 x) in the Xiaocaohu subsag. Because of the plentiful source of gas, the distribution range of the deep basin gas accumulations predicted is the same as for the deep basin gas traps. Based on the gas-bearing layer thickness predicted and displayed in drilling (thickness of productive formation + thickness of productive formation by fracturing + thickness of gas-bearing layer by logging interpretation or dry layer by test production), the geologic reserves of the deep basin gas pools in Xiaocaohu subsag are calculated. The estimated lateral distribution range of the deep basin gas pools of J 1 and J 2 in the Xiaocaohu subsag are 600km 2 and 750km 2 , respectively, and total reserves are 11.317.10 11 m 3 (see Table 2 for details).
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Figure 32
Geological model of deep basin gas accumulation, lower Jurassic, Taibei sag in the Turpan-Hami basin 
CONCLUSIONS
Deep basin gas accumulation is an important, special type of gas pool whose formation conditions, accumulation mechanisms and distribution pattern are completely different from those of a normal gas pool. Deep gas accumulations are formed mainly in the basinal centre of a depression or on the marginal slopes, the attitude of which is characterized by a tight reservoir, gentle dip angle and gas lying downdip from water with no impermeable barrier between. Subnormal pressure below hydrostatic pressure is the distinct mark of a deep basin gas pool compared to a normal gas pool. The prerequisites for the formation and preservation of deep basin gas accumulation are two balances: One is the force balance, which maintains a balance between the upward forces (including volumetric expansion pressure and buoyancy), and the downward forces (including hydrostatic pressure and capillary pressure). The force balance determines the lateral distribution range of deep basin gas accumulations, which represents the theoretical maximum of the range in actual geological settings. The second is material balance, which assesses the difference between the amount of gas preserved in the reservoir and escaping gas. Material balance maintains the real distribution range of deep basin gas accumulations in geological settings. The distribution range of deep basin gas traps will expand with the decrease of reservoir thickness, grain size, dip of reservoir and porosity, and with the increase of reservoir burial depth. The distribution range of a deep basin gas pool increases with favourable hydrocarbon generation conditions, and also with increases of burial speed, burial depth of reservoir and salinity of water.
There are favourable conditions for accumulation of deep basin gas in the Taibei sag of the Turpan-Hami Basin. The combined results of drilling, re-checking of old holes, and special processing of seismic data suggest that there exist deep basin gas accumulations in the Xiaocaohu region and Hongtai region in this sag. It is predicted that the areal distribution is about 750km 2 , and that the gas reserves should be of the order of 1.1x10 12 m 3 .
